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7KH SURFHVV SDUDPHWHUV ZHUH FKRVHQ EDVHG RQ WKH EHDGRQZHOG WULDOV SHUIRUPHG RQ WKH SODWH 7KH ZHOGLQJ
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7KHODVHUSRZHUZDVNHSWDW.:DQGWKHVFDQVSHHGRIWKHODVHUEHDPZDV YDULHG EHWZHHQWRPPPLQ
$PDFURVWUXFWXUDO DQDO\VLVZDVFDUULHGRXWWRGHWHUPLQHWKHGHSWKRISHQHWUDWLRQ EHDGZLGWK DQGSHQHWUDWLRQ YDOXHV
REWDLQHG IRU YDULRXV VFDQ VSHHGV DUH VKRZQ LQ )LJ ,W FDQ EH VHHQ IURP WKH ILJXUH  WKDW ZHOG MRLQW ZLWK IXOO
SHQHWUDWLRQ ZDVREWDLQHGDWWKHVFDQVSHHGRIPPPLQDW.:SRZHU%HIRUHVWDUWLQJWKHZHOGLQJSURFHVVWKH
VXUIDFHRIWKHEDVHPHWDOZDVFOHDQHGSURSHUO\DQGWKHSODWH ZDVIL[HGILUPO\ZLWKWKHDLG RI MLJV7KHVTXDUHEXWW
ZHOGLQJZDVFDUULHGRXWE\FRQWLQXRXV1G<$*ODVHUDQGWKHZHOGHGVDPSOHLVVKRZQLQ)LJD
7KH PDFURJUDSK RI VTXDUH EXWW ZHOG MRLQW LV VKRZQ LQ )LJ E0HWDOOXUJLFDO FKDUDFWHUL]DWLRQ ZDV
SHUIRUPHGZLWK WKHXVHRI RSWLFDOPLFURVFRSH DQG VFDQQLQJ HOHFWURQPLFURVFRSHRQ WKHZHOGPHQW FRPSULVLQJ RI
EDVHPHWDO DQGIXVLRQ]RQH6WDQGDUGPHWDOORJUDSKLFSURFHGXUHZDVDGRSWHGWR SUHSDUHWKHVDPSOHVIRUH[DPLQDWLRQ
7KH PLFURVWUXFWXUH ZDVUHYHDOHG XVLQJDQHWFKDQWFRQWDLQLQJPO+&OPO+12JP&X&ODQGPOJO\FHURO







)LJXUHVDI VKRZ WKHPDFURJUDSKV RI EHDG RQZHOG SODWHV :HOGLQJZDV FDUULHG RXW E\ HPSOR\LQJ VL[
GLIIHUHQWVHTXHQFHVLHE\NHHSLQJFRQVWDQWODVHUSRZHUDQGYDU\LQJWKHVFDQQLQJVSHHG IURPWRPPPLQ
7KHHIIHFWRI YDU\LQJWKHVFDQQLQJVSHHG RQZHOGEHDGJHRPHWU\DQGSHQHWUDWLRQ KDVEHHQHYDOXDWHG DQG WKHUHVXOWV
SUHVHQWHGLQWKH)LJ  7KH)LJVDI VKRZVWKDWZLWK LQFUHDVHLQ VFDQVSHHGIURPPPPLQWRPPPLQ
WKHGHSWKRISHQHWUDWLRQGHFUHDVHV)URPWKHUHVXOWVRIEHDGRQZHOGLWLV WKXV FOHDUWKDWFRPSOHWHZHOGSHQHWUDWLRQ
RFFXUVZKHQVFDQQLQJVSHHGRI PPPLQLV DGRSWHG)LJ D:LWKWKLVVFDQQLQJVSHHGDQGRWKHUSDUDPHWHUVDV
JLYHQ LQ 7DEOH :HOGLQJ ZDV FDUULHG RXW RQ DOOR\ & SODWH RI VL]H  [  [  PP )LJ D JLYHV WKH
SKRWRJUDSKRI WKHZHOG MRLQWSURGXFHGDQG)LJE LV WKHPDFURJUDSKRI WKHFURVV VHFWLRQRI WKHZHOG MRLQW1R
GHIHFWZHUHQRWLFHGLQWKHZHOGMRLQWDQGSHQHWUDWLRQZDVFRPSOHWH
0LFURVWUXFWXUHDQDO\VLV
)LJXUH D 6KRZV WKHDVUHFHLYHGDOOR\&PLFURVWUXFWXUHDQG)LJEVKRZVWKHPLFURJUDSKRIWKH
IXVLRQ]RQH 0LFURVWUXFWXUHRI IXVLRQ]RQH )LJELVSUHGRPLQDQWO\ ILQH FHOOXODU
E
)LJ D3KRWRJUDSK RIZHOGMRLQW E 0DFURVWUXFWXUHRIPPPLQZLWK.:ODVHU:HOGHGDOOR\&
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6(0PLFURJUDSKV RI ZHOG LQWHUIDFH DQG IXVLRQ ]RQH RI DOOR\ & DUH UHSUHVHQWHG LQ )LJ L DQG )LJ LL
UHVSHFWLYHO\ 7KHIXVLRQ]RQHFRQVLVWV RIILQHSDUDOOHO FROXPQDU GHQGULWLFVWUXFWXUH 7KHFROXPQDULW\LVQRWWKHUHLQ
WKH GHQGULWLF VWUXFWXUH VHHQ LQ WKH LQWHUIDFH UHJLRQ ([WUHPHO\ KLJK FRROLQJ UDWH REWDLQHG LQ WKH ODVHU ZHOGLQJ
a&V LV EHOLHYHG WREH UHVSRQVLEOH IRU WKH YHU\ ILQH GHQGULWLF VWUXFWXUH IRUPDWLRQ LQ WKH IXVLRQ ]RQH DV DOVR
HPSKDVL]HG E\ -DQDNL 5DP HW DO 1R +$= ZDV REVHUYHG QHDU WKH IXVLRQ ERXQGDU\ WKLV LV GXH WR WKH
H[WUHPHO\ORFDOL]HGKHDWLQSXW HPSOR\HGGXULQJ ODVHU ZHOGLQJSURFHVV
('6DQDO\VLV
7KH PLFURVHJUHJDWLRQ SOD\V D YHU\ LPSRUWDQW UROH LQ FRQWUROOLQJ WKH PHFKDQLFDO DQG PHWDOOXUJLFDO
SURSHUWLHVRIWKHDOOR\&ZHOGPHQW 7KH SXUSRVHRIFDUU\LQJRXW WKH('6DQDO\VLVLV WRILQG RXWWKHH[WHQWRI
PLFURVHJUHJDWLRQ DFURVVWKHGHQGULWLFDQGLQWHUGHQGULWLFVXEVWUXFWXUH(DUOLHUVWXGLHVRIDOOR\&>&LHVODNHWDO
5DJKDYDQHWDO $NKWHUHWDO DQG7DZDQF\@ UHSRUWHG WKHIRUPDWLRQRI WKH3DQG
SKDVHVDWWKHWHUPLQDOVWDJHRIWKHVROLGLILFDWLRQ7KHVHSKDVHVDUHJHQHUDOO\EULWWOHLQQDWXUH7KHPDMRUFRQVWLWXHQWV
RIWKHVHSKDVHVDUH1L&U0RDQG:+HQFHWKHVHDOOR\LQJHOHPHQWVZHUHVHOHFWHG LQWKHSUHVHQWVWXG\ IRU WKH('6
DQDO\VLVWRHYDOXDWHWKHPLFURVHJUHJDWLRQLQWKHZHOGPHQW7KHUHVXOWVRI('6DQDO\VLVRIVXEJUDLQERXQGDU\DQG
VXEJUDLQ ERG\LQWKHZHOGLQWHUIDFHDQGZHOGFHQWUHDUH VKRZQ LQ)LJDGDQG VXPPDUL]HGLQ 7DEOH7DEOH
VKRZVWKHFRPSRVLWLRQRI L EDVHPHWDO XVHGLQWKH SUHVHQWZRUN LLEDVHPHWDO XVHGLQHDUOLHU VWXG\UHSRUWHGE\
*XDQJ\LHWDO LLLVXEJUDLQ ERXQGDU\LQIXVLRQ]RQHDIWHUSXOVHGODVHUZHOGLQJDVUHSRUWHG E\*XDQJ\LHWDO
 DQG LY VXEJUDLQ ERXQGDU\ LQ IXVLRQ ]RQH DIWHU FRQWLQXRXV1G<$* ODVHU ZHOGLQJ EDVHG RQ WKH SUHVHQW
UHVHDUFK
7DEOH('6 HOHPHQW&RPSRVLWLRQRI/DVHUZHOGHGDOOR\&
=RQH 1L &U 0R :
:HOGVXEJUDLQERXQGDU\    
:HOGVXEJUDLQERG\    
:HOGLQWHUIDFHVXEJUDLQERXQGDU\    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7DEOH&KHPLFDOFRPSRVLWLRQRIEDVHPHWDODQGJUDLQ ERXQGDU\UHJLRQVLQZHOGIXVLRQ]RQH
&RPSRVLWLRQZW
1L &U 0R : )H
%DVHPHWDOFRPSRVLWLRQWKLVUHVHDUFK     
%DVHPHWDOFRPSRVLWLRQ*XDQJ\LHWDO     
VXEJUDLQERXQGDU\ LQSXOVHG ODVHU:HOGLQJ DVIUDFWLRQRI
EDVHPHWDOFRPSRVLWLRQ*XDQJ\LHWDO
    
VXEJUDLQ ERXQGDU\ LQ IXVLRQ ]RQHDV IUDFWLRQ RI EDVH
PHWDOFRPSRVLWRQLQ FRQWLQXRXV1G<$*ODVHU WKLVUHVHDUFK
    
)LJ 6(0('$; DQDO\VLV RI FRQWLQXRXV 1G <$* /DVHU ZHOGHG DOOR\ & IRU GLIIHUHQW UHJLRQ RI WKH
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,WHPHUJHV WKDWWKH H[WHQW RIVHJUHJDWLRQZLWQHVVHG LQ WKH JUDLQERXQGDU\ UHJLRQV LQWKHSUHVHQWVWXG\LV OHVVVHYHUH
WKDQ WKDW UHSRUWHGE\*XDQJ\L HW DO 7DEOH VKRZV WKHGLVWULEXWLRQ FRHIILFLHQW NZKHUHN &ERG\&R&R 
HOHPHQWDOOHYHODVSHU QRPLQDODOOR\FRPSRVLWLRQ DQG&ERG\LVWKHHOHPHQWDOOHYHOLQWKHERG\RIVXEJUDLQVLQIXVLRQ
]RQHYDOXHVRIDUFZHOGLQJSXOVHGODVHUZHOGLQJDQGFRQWLQXRXV1G<$*ODVHUZHOGLQJ ,WLVDJDLQVHHQWKDWWKH
H[WHQW RI VHJUHJDWLRQ VHHQ LQ SUHVHQW VWXG\ LV OHVV VHYHUH WKDQ WKDW UHSRUWHG E\ *XDQJ\L HW DO  ,W LV WKXV
LQWHUHVWLQJWRQRWHWKDWODVHUZHOGLQJHYHQZLWKRXWSXOVLQJFDQOHDGWRZHOGMRLQWVZLWKPLFURVHJUHJDWLRQRFFXUULQJ
ZHOOZLWKLQDFFHSWDEOH OLPLWV 7KH PDFURVHJUHJDWLRQGXULQJZHOGLQJ DOVRDQ LPSRUWDQW LVVXHDVERXJKWRXWE\.RX
 7KH('6DQDO\VLVVKRZQLQ7DEOHVXJJHVW WKDWPDFURVHJUHJDWLRQRI0RDQG:LVRFFXUULQJ LQWKHZHOG




7KHDYHUDJHKDUGQHVVYDOXHVRIDVUHFHLYHGDOOR\&LV+9 +DUGQHVVPHDVXUHPHQWKDV DOVR EHHQ FDUULHG
RXW DFURVVWKH HQWLUH ZLGWK RI WKH ZHOGPHQWV DQG WKH UHVXOWV DUH VKRZQ LQ )LJ  ,W LV REVHUYHG WKDW WKH DYHUDJH
KDUGQHVVDWWKHZHOG]RQH LV +9SHDNKDUGQHVVYDOXHLQWKH ZHOG]RQH ZDVDVKLJKDV +97KHKDUGQHVVDW
WKH ZHOG LQWHUIDFH ZDV +9$ KDUGQHVV PLQLPXP +9ZDV REVHUYHG QH[W WR WKH ZHOG LQWHUIDFH LQ WKH
GLUHFWLRQRIEDVHPHWDO
7KH DYHUDJH PLFURKDUGQHVVYDOXH DWWKHZHOG]RQH ZRUNVRXW WREHJUHDWHUWKDQ WKDWRIWKH EDVHPHWDO 7KH




(OHPHQWV &U 0R : )H
,QDUFZHOGLQJ 'X3RQWHWDO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   
,QSXOVHUODVHUZHOGLQJ *XDQJ\LHWDO    
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7HQVLOH VWXGLHV
7HQVLOHSURSHUWLHVRIEDVHPHWDODQG ZHOGMRLQWV IDEULFDWHGE\FRQWLQXRXV1G<$*ODVHUZHOG DUH JLYHQLQ7DEOH
 )UDFWXUH DOZD\V RFFXUUHGLQWKHIXVLRQ]RQH)LJ7KH DYHUDJHWHQVLOHVWUHQJWK ZDV 03DZLWK DYHUDJH
HORQJDWLRQ 7KH REWDLQHG UHVXOWV LQGLFDWH D VPDOO LQFUHDVH LQ WKH XOWLPDWH WHQVLOH VWUHQJWK RI WKH ZHOG MRLQW DV
FRPSDUHG ZLWK WKDW RI EDVH PHWDO 7KDW WKH IDLOXUH RFFXUUHG LQ WKH ZHOG ]RQH LV WR EH H[SODLQHG EDVHG RQ WKH
HOHPHQWDO VHJUHJDWLRQ LQ WKHIXVLRQ]RQHDV EURXJKWRXW E\WKH('6UHVXOWV)LJDQG7DEOH 
7DEOH7HQVLOHSURSHUWLHVRI ZHOGMRLQWVSURGXFHGLQ $OOR\&XVLQJFRQWLQXRXV1G<$*ODVHU
 &RQFOXVLRQ
x 'HIHFW IUHH ZHOG MRLQWVZLWK JRRG SHQHWUDWLRQ ZHUH REWDLQHG DW  .: ODVHU SRZHU ZLWK  PPPLQ
ZHOGLQJVSHHG
x 7KHUHLVQRVLJQLILFDQWKHDWDIIHFWHG]RQHGXHWRQDUURZKHDWLQSXWLQ WKHODVHUZHOGLQJSURFHVVXVHG
x 0LFURVHJUHJDWLRQLQ WKH ZHOGPHQW ZDV ZLWKLQ DFFHSWDEOH OLPLWV WKLV LV EHOLHYHG WR EH GXH WR UDSLG
VROLGLILFDWLRQDVVRFLDWHGZLWKODVHUZHOGLQJ WHFKQLTXH
x +DUGQHVVLVKLJKHULQWKHZHOG]RQHFRPSDUHGWRWKH EDVHPHWDOUHJLRQ GXHWR WKHUHILQHGJUDLQVWUXFWXUHLQ






WKDQN WR'HSDUWPHQWRI6FLHQFHDQG7HFKQRORJ\ IRU WKH IXQGLQJUHFHLYHGIURPWKHPXQGHU WKH),67SURJUDPPH
,QVWURQPDNHXQLYHUVDO WHVWLQJPDFKLQHDQG/DVHU:HOGLQJPDFKLQHXVHGLQWKHSUHVHQWVWXG\ZDVSURFXUHGXQGHU
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